CONTINUOUSLY VARIABLE TRANSMISSION APPARATUS 



BACKGROUND OF THE INVENTION 

1. Technical field of the Invention 

The present invention relates to an improvement in a 
continuously variable transmission apparatus incorporating 
therein a toroidal-type continuously variable transmission for 
use as an automatic transmission apparatus for a car. 

2. Description of the Related Art 

As an automatic transmission apparatus for a car, use 
of such a toroidal-type continuously variable transmission as 
shown in Fig. 4 has been studied and enforced in part of the 
car industry. This is referred to as a toroidal-type 
continuously variable transmission of a double-cavity type, 
in which, on the peripheries of the two end portions of an input 
shaft 1, there are supported two input side disks 2, 2 through 
their associated ball splines 3, 3. Therefore, the two input 
side disks 2, 2 are respectively supported so as to be concentric 
with each other and can be rotated in synchronization with each 
other. Also, on the periphery of the middle portion of the 
input shaft 1, there is supported an output gear 4 in such a 
manner that it can be rotated with respect to the input shaft 
1. And, two output side disks 5, 5 are respectively spline 
engaged with the two end portions of a cylindrical portion 9 
disposed on the central portion of the output gear 4 . Therefore, 



the two output side disks 5, 5 can be rotated in synchronization 
with the output gear 4 . 

Also, between the two sets of the input side disks 2, 
2 and output side disks 5, 5, there are held power rollers 6, 
5 6 by two or more (usually, two or three) in number in each set. 
These power rollers 6, 6 are rotatably supported on the inner 
surfaces of their associated trunnions 7,. 7 through their 
associated support shafts 8, 8 and a plurality of rolling 
bearings . Each of these trunnions 7, 7 can be swung and shifted 
10 about a pair of pivot shafts which are disposed on the 
longitudinal-direction (in Fig. 4, vertical-direction) two end 
portions of its associated trunnion in such a manner that the 
two pivot shafts are concentric with each other. 

To operate the above-structured toroidal-type 
15 continuously variable transmission, using a drive shaft 10 
connected to a power source such as an engine, one (in Fig. 
4, the left-side) of the input-side disks 2 may be driven and 
rotated through such a pressing device 11 of a loading cam type 
as shown in Fig. 4 or an oil pressure type. As a result of 
20 this, the pair of input side disks 2, 2 supported on the two 
end portions of the input shaft 1 are rotated in synchronization 
with each other while they are being pushed in their mutually 
approaching directions. And, the rotation power of the two 
input side disks is transmitted to the output side disks 5, 
25 5 through the power rollers 6, 6 and is then taken out from 
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the output gear 4 . 

Let us discuss a case in which the rotation speed between 
the input shaft 1 and output gear 4 is to be changed. Firstly, 
to reduce the rotation speed between the input shaft 1 and output 
5 gear 4, the trunnions 7, 7 may be respectively swung to such 
positions as shown in Fig. 4. And, the peripheral surfaces 
of the power rollers 6, 6 are, as shown in Fig. 4, contacted 
with the near-to-center portions of the inner surfaces of the 
two input. side disks 2, 2 and the near- to-outer-peripheral 
10 portions of the inner surfaces of the output disks 5, 5, 
respectively . On the other hand, to increase the rotation speed 
between the input shaft 1 and output gear 4, the trunnions 7, 
7 may be respectively swung in the opposite directions to the 
directions shown in Fig. 4; and, the trunnions 7,. 7 may be 
15 then inclined in such a manner the peripheral surfaces of the 
power rollers 6, 6, oppositely to the states shown in Fig. 4, 
can be contacted with the near-to-outer-peripheral portions 
of the inner surfaces of the two input side disks 2, 2 and the 
near-to-center portions of the inner surfaces of the output 
20 disks 5, 5, respectively. By the way, in case where the 
inclination angles of the trunnions 7,7 are set in the 
intermediate angles between the rotation speed reducing and 
increasing angles, there can be obtained an intermediate 
transmission ratio (speed ratio) between the input shaft 1 and 
25 output gear 4. 
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Further, conventionally, when incorporating the 
above- structured and -operatable into a continuously variable 
transmission for an actual car, there have been proposed various 
structures in which the toroidal-type continuously variable 
5 transmission is combined with a planetary gear mechanism to 
thereby provide a continuously variable transmission apparatus 
for a car, for example, structures as disclosed in USP 6, 251, 039 
and JP 2778038. Fig. 5 shows, of the conventionally proposed 
continuously variable transmission apparatus, a continuously 
10 variable transmission apparatus disclosed in USP 6,251,039. 
This continuously variable transmission apparatus is composed 
of a combination of a toroidal- type continuously variable 
transmission 12 and a planetary-gear-type transmission 13 . of 
these transmissions, the toroidal-type continuously variable 
15 transmission 12 comprises an input shaft 1, a pair of input 
side disks 2, 2, an output side disk 5a, and a plurality of 
power rollers 6, 6. in the illustrated embodiment, the output 
side disk 5a has a structure in which the outer surfaces of 
a pair of output side disks are butted against each other to 
20 thereby form the two output side disks into an integral body. 

Also, the planetary-gear-type transmission 13 includes 
a carrier 14 which is connected and fixed to the input shaft 
1 and one (in Fig. 5, the right-side input side disk) of the 
two input side disks 2. And, on the diameter-direction 
25 intermediate portion of the carrier 14, there is rotatably 
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supported a first transmission shaft 16 to the two end portions 
of which there are fixed two planetary gear elements 15a, 15b 
respectively. Also, a second transmission shaft 18, to the 
two end portions of which there are fixed two sun gears 17a, 
5 17b respectively, is supported on the opposite side to the input 
shaft 1 with the carrier 14 between them in such a manner that 
it is concentric with the input shaft 1 and it can be rotated. 
And, the planetary gear elements 15a, 15b are respectively 
meshingly engaged with a sun gear 20 fixed to the leading end 
10 portion (in Fig. 5, the right end portion) of a hollow rotary 
shaft 19 having its base end portion connected to the output 
side disk 5a, or the sun gear 17a fixed to one end portion (in 
Fig. 5, the left end portion) of the second transmission shaft 
18. Also, one (in Fig. 5, the left side) planetary gear element 
15 15a is meshingly engaged, throughanotherplanetary gear element 
21, with a ring gear 22 which is rotatably disposed on the 
periphery of the carrier 14. 

On the other hand, another planetary gear elements 24a, 
24b are rotatably supported on a second carrier 23 which is 
20 disposed on the periphery of the sun gear 17b fixed to the other 
end portion (in Fig. 5, the right end portion) of the second 
transmission shaft 18. By the way, the second carrier 23 is 
connected to thebase end portion (in Fig. 5, the left endportion) 
of an output shaft 25 which is disposed concentrically with 
25 the input shaft 1 and second transmission shaft 18. Also, the 
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planetary gear elements 24a, 24b are meshingly engaged with 
each other; and, one planetary gear element 24a is meshingly 
engaged with the sun gear 17b, whereas the other planetary gear 
element 24b is meshingly engaged with a second ring gear 26 
which is rotatably disposed on the periphery of the second 
carrier 23. Further, the ring gear 22 and second carrier 23 
can be engaged with and disengaged from each other by a low- speed 
clutch 27, while the second ring gear 26 and the fixed part 
of the continuously variable transmission apparatus such as 
a housing can be engaged with and disengaged from each other- 
by a high-speed clutch 28. 

In the case of the continuously variable transmission 
apparatus shown in Fig. 5, in a so called low speed mode state 
in.which the low-speed clutch 27 is connected and the connection 
of the high-speed clutch 28 is cut off, the power of the input 
shaft 1 is transmitted through the ring gear 22 to the output 
shaft 25. And, by changing the transmission ratio of the 
toroidal-type continuously variable transmission 12, the 
transmission ratio of the whole of the continuously variable 
transmission apparatus, that is, the transmission ratio between 
the input shaft 1 and output shaft 25 can be changed. In such 
low speed mode state, the transmission ratio of the whole of 
the continuously variable transmission apparatus can be changed 
infinitely. That is, by controlling the transmission ratio 
of the toroidal-type continuously variable transmission 12, 
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while the input shaft 1 is left rotating, the rotation state 
of the output shaft 25 can be changed between the forward and 
reversed rotation states thereof with a stop state between them. 
By the way, during speed increasing operation in the above 
5 low speed mode state or during the constant speed running 
operation of a car, the torque passing through the toroidal-type 
continuously variable transmission 12 is transmitted from the 
input shaft 1 through the carrier 26, first transmission shaft 
16, sun gear 20 and hollow rotation shaft 19 to the output side 
10 disk 5a, and is further applied from the outside disk 5a through 
the respective power rollers 6, 6 to the input side disks 2, 
2. That is, the torque passing through the toroidal-type 
continuously variable transmission 12 during the speed 
accelerating or constant speed running operation, circulate in 
15 a direction where the input side disks 2, 2 receive the torque 
from the power rollers 6, 6 respectively. 

On the other hand, in a so called high speed mode state 
where the connection of the low-speed clutch 27 is cut off and 
the high-speed clutch 28 is connected, the power of the input 
20 shaft 1 is transmitted through the first and second transmission 
shafts 16, 18 to the output shaft 25. And, by changing the 
transmission ratio of the toroidal-type continuously variable 
transmission 12, the transmission ratio of the whole of the 
continuously variable transmission apparatus can be changed. 
25 m this case, as the transmission ratio of the toroidal-type 
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continuously variable transmission 12 is increased, the 
transmission ratio of the whole of the continuously variable 
transmission apparatus can be increased. 

By the way, during the speed increasing operation in such 
high speed mode state or constant speed running operation, the 
torque passing through the toroidal-type continuously variable 
transmission 12 is applied in a direction where the input side 
disks 2, 2 apply the torque to the power rollers 6, 6. 

Although not shown, in JP 2,778,038, there is disclosed 
a continuously variable transmission apparatus structured such 
that a toroidal-type continuously variable transmission, two 
sets of planetary-gear-type transmissions, and four sets of 
clutches are combined together . According to such continuously 
variable transmission apparatus as disclosed in JP— 2, 778, 038, 
by controlling the connection and disconnection of the four 
sets of clutches, there can be realized three kinds of modes 
on the advancing side and one kind of mode on the retreating 
side. And, not only the width of the transmission ratio on 
the advancing side can be increased but also, in the high-speed 
side two kinds of modes to be realized on the advancing side, 
the power passing through the toroidal-type continuously 
variable transmission can be controlled down to a low level, 
thereby being able to enhance the transmission efficiency of 
the whole of continuously variable transmission apparatus. 

In the case of the conventionally proposed continuously 
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Further, in the case of the structure disclosed in 
JP-2778038, since an infinite transmission ratio cannot be 
realized, in addition to the four sets of clutches, there is 
further necessary a start mechanism such as a torque converter 
or an electromagnetic clutch. Due to this, the continuously 
variable transmission apparatus becomes fairly large in size 
as a whole, which, makes it considerably difficult to use the 
present continuously variable transmission apparatus as a 
transmission for an FF car. 

SUMMARY OF THE INVENTION 
In view of the above-mentioned related structures, it 
is an object of the present invention to provide a structure 
which not.only can reduce the axial-direction dimension thereof 
but also can realize an infinite transmission ratio. 

In attaining the above object, according to a first aspect 
of the present invention, there is provided a continuously 
variable transmission apparatus, having: an input shaft; a 
toroidal-type continuously variable transmission disposed 
concentrically with the input shaft; a- first rotation 
transmission shaft disposed in parallel to the input shaft; 
a first planetary-gear-type transmission disposed on the 
periphery of the first rotation transmission shaft so as to 
be concentric with each other, the first planetary-gear-type 
transmission including a first ring gear; a second 
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planetary-gear-type transmission disposed on the periphery of 
the first rotation transmission shaft so as to be concentric 
with each other, the second rotation transmission shaft 
including a second carrier; a second rotation transmission shaft 
5 disposed in parallel to the input shaft and the first rotation 
transmission shaft; an output shaft disposed concentrically 
with. the. first rotation transmissidn shaft; a first power 
transmission mechanism for transmitting the rotation of the 
input shaft to the first ring gear of . the first 
10 planetary-gear-type transmission; a second power transmission 
mechanism for transmitting the rotation of the input shaft 
through the second rotation transmission shaft to the second 
carrier of the second planetary-gear-type transmission; and, 
a switching mechanism for switching power transmission states 
15 between the input shaft and the output shaft through the first 
and second power transmission mechanisms over to each other, 
wherein, in a state where the power transmission through the 
first power transmission mechanism is allowed and the power 
transmission through the second power transmission mechanism 
20 is cut off, in accordance with the control of. the transmission 
ratio of the toroidal-type continuously variable transmission, 
the output shaft be stopped while leaving the input shaft 
rotating. 

According to a second aspect of the present invention, 
25 there is provided a continuously variable transmission 
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apparatus as set forth in the first aspect, wherein the first 
and second planetary-gear-type transmissions are respectively 
of a single pinion type, the toroidal-type continuously variable 
transmission has; an input side disk rotatable together with 
the input shaft; an output side disk supported so as to be 
concentric with the input side disk and rotated with respect 
to the input side disk; a plurality of power rollers respectively 
interposed between the input side disk and the output side disk; 
and a third power transmission mechanism for allowing the output . 
side disk to drive and rotate the first rotation transmission 
shaft, the first planetary-gear-type transmission has; a first 
sun gear rotatable together with the first rotation transmission 
shaft; a first ring gear rotatably supported on the periphery 
of the. first sun gear; a first carrier supported so as to be 
concentric with the first sun gear and the first ring gear and 
can be rotated with respect to the first sun gear and the first 
ring gear; and, a plurality of first planetary gears rneshingly 
engaged with the first sun gear and the first ring gear while 
they are respectively rotatably supported on the first carrier, 
the second planetary-gear-type transmission has : a second sun 
gear rotatable together with the first rotation transmission 
shaft; a second ring gear rotatably supported on the periphery 
of the second sun gear and rotatable together with the first 
carrier; a second carrier supported so as to be concentric with 
the second sun gear and the second ring gear and rotated with 
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respect to the second sun gear and the second ring gear; and, 
a plurality of second planetary gears meshingly engaged with 
the second sun gear and the second ring gear while they are 
respectively rotatably supported on the second carrier, and 
5 the first power transmission mechanism is used to transmit the 
rotation of the input shaft to the first ring gear, the second 
power transmission mechanism is used to transmit the rotation 
of the input shaft through the second rotation transmission 
shaft to the second carrier, and the switching mechanism allows 
10 execution of the power, transmission through one of the first 
and second power transmission mechanisms and cuts of f the power 
transmission through the other power transmission mechanism, 
in a state where the switching mechanism allows execution of 
the power transmission through the first power, transmission 
15 mechanism and cuts off the power transmission through the second 
power transmission mechanism, in accordance with the control 
of the transmission ratio of the toroidal-type continuously 
variable transmission, the output shaft is stopped while leaving 
the input shaft rotating. 
20 According to a third aspect of the present invention, 

there is provided a continuously variable transmission 
apparatus as set forth in the second aspect, wherein, in case 
where the reduction ratio of the first power transmission 
mechanism from the input shaft to the first ring gear is expressed 
25 as R IPG , the reduction ratio of the third power transmission 
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mechanism from the output side disk to the first sun gear is 
expressed as Ropg, and the ratio of the teeth number of the first 
ring gear with respect to that of the first sun gear is expressed 
as ii, (Ropg/ Ripg) • ii is the transmission ratio that is realized 
5 by the toroidal-type continuously variable transmission. 

According to a fourth aspect of the present invention, 
there is provided a continuously variable transmission 
apparatus as set forth in the third aspect, wherein there is 
satisfied the relationship, that is, 0.4 < (r^ / r ipg) . ll 
10 < 2.5. 

According to a fifth aspect of the present invention, . 
there is provided a continuously variable transmission 
apparatus as set forth in the third aspect, wherein the reduction 
ratio of the second power transmission mechanism from the input 
15 shaft to the second carrier is larger than the reduction ratio 
of the first power transmission mechanism from the input shaft 
to the first ring gear. 

According to a sixth aspect of the present invention, 
there is provided a continuously variable transmission 

20 apparatus as set forth in the second aspect, wherein the 
switching mechanism have a low-speed clutch to be connected 
when realizing a low speed mode for stopping the output shaft 
while the input shaft is left rotating, and a high-speed clutch 
to be connected when realizing a high speed mode usable only 

25 in the advancing state; and also wherein the low-speed clutch 
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is disposed in series in the intermediate portion of the first 
power transmission mechanism, and the high-speed clutch is 
disposed in series in the intermediate portion of the second 
power transmission mechanism. 

.According to the above-structured continuously, variable 
transmission apparatus, since the center axis of the 
toroidal-type continuously variable transmission is shifted 
from the center axes of the first and second planetary-gear-type 
transmissions, the axial-direction dimension of the whole of 
the continuously variable transmission apparatus can be 
shortened. Also, because it is possible to realize an infinite 
transmission ratio state in which the output shaft can be stopped 
while leaving the input shaft rotating, there can be eliminated 
the need to incorporate therein a start device such as a torque, 
converter separately. Further, the number of clutches 
constituting the switching mechanism for mode switching can 
be reduced. This makes it possible to realize a continuously 
variable transmission apparatus which is small in size and 
excellent in transmission efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic section view of an embodiment of 
continuously variable transmission apparatus according to the 
present invention; 

Fig. 2 is a diagrammatic view of the relationship between 
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the transmission ratio of a toroidal-type continuously variable 
transmission and the speed ratio of the whole of the continuously 
variable transmission apparatus incorporating the 
toroidal-type continuously variable transmission therein; 
5 Fig. 3 is a diagrammatic view of the relationship between 

the size and direction of a toque passing through the 
toroidal-type continuously variable transmission and the speed 
ratio of the whole of the continuously variable transmission 
apparatus incorporating the toroidal-type continuously 
10 variable transmission therein; 

Fig. 4 is a section view of an example of a conventionally 
known toroidal-type continuously variable transmission 
therein; and, 

Fig. 5 is a schematic section view of an example of a 
15 conventionally known continuously variable transmission 
apparatus . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 shows an embodiment of a continuously variable 
20 transmission apparatus accordingto the present invention. The 
continuously variable transmission apparatus according to the 
present embodiment comprises an input shaft 29, a toroidal-type 
continuously variable transmission 12a, a first rotation 
transmission shaft 30, first and second planetary-gear-type 
25 transmissions 31, 32, a second rotation transmission shaft 33, 
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an output shaft 34 , first to third power transmission mechanisms 
35 to 37, and a low-speed clutch 27a and a high-speed clutch 
28a cooperating together in constituting a switching mechanism. 
Of these composing parts, the input shaft 29 is connected through 
5 a damper joint 38 to the crankshaft of an engine, while the 
input shaft 29 can be driven and rotated by the engine. 

The toroidal-type continuously variable transmission 12a 
is similar in structure to the conventional structure shown 
in the above-discussed figure 4 and includes a pair of input 

10 side disks 2, 2 which can be rotated together with the input 
shaft 29. On the periphery of the middle portion of the input 
shaft 29, there are supported a pair of output side disks 5, 
5 so as to be concentric with the two input side disks 2, 2 
and can be rotated with respect to the two input side disks. 

15 2, 2. And, between the two sets of two input side disks 2, 
2 and two output side disks 5, 5, there are interposed and held 
a plurality of power rollers 6, 6 (see Figs. 4 and 5) in each 
set. Also, between the two output side disks 5, 5, there is 
interposed an output gear 4, so that the rotation power of the 
20 two output side disks 5, 5 can taken out by the output gear 
4 . The structure of the toroidal-type continuously variable 
transmission 12a as well as the operation for controlling the 
transmission ratio between the input shaft 29 and output gear 
4 are respectively similar to those of the conventionally widely 
25 known toroidal-type continuously variable transmission. 
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Also, the first rotation transmission shaft 30 is disposed 
such that it extends in parallel to the input shaft 29. And, 
a gear 39 fixed to one end (in Fig. 1, the right end) of the 
first rotation transmission shaft 30 is meshingly engaged with 
the output gear 4 to thereby constitute the third power 
transmission mechanism 37 . The reduction ratio of the third 
power transmission mechanism 37 is expressed as Ropg. Therefore, 
as the two output side disks 5, 5 rotate, the first rotation 
transmission shaft 30 rotates in the opposite direction to the 
two output disks 5, 5 at a speed corresponding to the reduction 
ratio Rop G . On the periphery of the thus-structured first 
rotation transmission shaft 30, there are disposed the first 
and second planetary-gear-type transmissions 31, 32 in such 
a manner that the first and second planetary-gear-type 
transmissions 31, 32 are concentric with each other. These 
two first and second planetary-gear-type transmissions 31, 32 
respectively have a single-pinion-type structure ( in which the 
same planetary gear can be meshingly engaged with both of a 
sun gear and a ring gear) . 

In order to constitute the first planetary-gear-type 
transmission 31 of the first and second planetary-gear-type 
transmissions 31, 32, a first sun gear 40 is disposed on the 
other end portion (in Fig. 1, the left end portion) of the first 
rotation transmission shaft 30 in such a manner that it can 
be rotated together with the first rotation transmission shaft 
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30. On the periphery of the first sun gear 40, there is rotatably 
supported a first ring gear 41. Also, a first carrier 42 is 
supported in such a manner that not only it is concentric with 
the first sun gear 40 and first ring gear 41 but also it can 
5 be rotated with respect to these two gears 40, 41. And, a 
plurality of (generally, three or four) first planetary gears 
43, 43, which are rotatably supported on the first carrier 42, 
are respectively meshingly engaged with the first sun gear 40 
and first ring gear 41. 
10 The thus-structured first ring gear 41, which constitutes 

the first, planetary-gear-type transmission 31, is connected 
with the input shaft 29 through the first power transmission • 
mechanism 35 in such a manner that they can transmit their 
rotations to each other. in the case of the illustrated 
15 embodiment, in order to constitute the first power transmission 
mechanism 35, a hollow rotation shaft 48 is disposed on the 
periphery of the middle portion of the output shaft 34 in such 
a manner that it can be rotated with respect to the output shaft 
34. And, a gear 49 fixed to one end portion (in Fig. 1, the 
20 left end portion) of the hollow rotation shaft 48 is meshingly 
engaged with a gear 50 which is fixed to the input shaft 29. 
Also, the other end portion (in Fig. 1, the left end portion) 
of the hollow rotation shaft 48 can be engaged with and removed 
from the first ring gear 41 through the low-speed clutch 27a. 
25 The reduction ratio of the thus-structured first power 
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transmission mechanism 35 is expressed as Ri PG . Therefore, in 
a state where the low-speed clutch 27a is connected, as the 
input shaft 29 rotates, the first ring gear 41 can be rotated 
in the opposite direction to the input shaft 2 9 at a speed 
corresponding to the reduction ratio Ri PG . 

On the other hand, in order to constitute the second 
planetary-gear-type transmission 32, on the middle portion of 
the first rotation transmission shaft 30, there is disposed 
a second sun gear 44 in such a manner that it can be rotated 
together with the first rotation transmission shaft 30. On 
the periphery of the second sun gear 44, there is rotatably 
supported a second ring gear 45. The second ring gear 45 is 
connected with the first carrier 42 constituting the first 
planetary-gear-type transmission 31 in such a manner that, it 
can be rotated together with the first carrier 42. Also, the 
second carrier 4 6 is supported in such a manner that not only 
it is concentric with the second sun gear 44 and second ring 
gear 45 but also it can be rotated with respect to these two 
gears 44, 45. And, a plurality of second planetary gears 47, 
47, which are rotatably supported on the second carrier 46, 
are respectively meshingly engaged with the second sun gear 
44 and second ring gear 45. 

Also, the second rotation transmission shaft 33 is used 
to constitute the second power transmission mechanism 36 and 
is disposed in parallel to the input shaft 29 and first rotation 
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transmission shaft 30. A gear 51 fixed to one end (in Fig. 
1, the left end) of the thus-structured second rotation 
transmission shaft 33 is meshingly engaged with a gear 52 which 
is fixed to the middle portion of the hollow rotation shaft 
48.. The reduction ratio of a transmission part constituted 
by these two gears 51, 52 is expressed as R C Gi- Also, on the 
periphery of the middle portion of the second rotation 
transmission shaft 33, there is supported a second hollow 
rotation shaft 53 so as to be rotatable with respect to the 
second rotation transmission shaft 33. And, a gear 54 fixed 
to one end (in Fig. 1, the left end) of the second hollow shaft 
33 is meshingly engaged with a gear 55 which is fixed to the 
second carrier 46. The reduction ratio of a transmission part 
constituted by these two gears 54, 55 is expressed as Rcg 2 .. Also, 
between the other end (in Fig. 1, the right end) of the second 
hollow rotation shaft 53 and the other end (in Fig. 1, the right 
end) of the second rotation transmission 33, there is interposed 
the high-speed clutch 28a. Therefore, in a state where the 
high-speed clutch 28a is connected, with the rotation of the 
input shaft 29, the second carrier 4 6 can be rotated in the 
opposite direction to the input shaft 29 at a speed corresponding 
to the product (Ripg x Rcgi x Rcg 2 ) of the reduction gear ratio 
of the respective gear transmission parts. 

Further, the leading end portion (in Fig. 1, the left 
end portion) of the output shaft 34 is connected to a differential 
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gear 58 through two gears 56, 57 which are meshingly engaged 
with each other. Therefore, when the output shaft 34 is rotated, 
a pair of right and left axle shafts 59, 59 are driven and rotated 
in the same direction through the two gears 56, 57 and 
differential gear 58; and thus, in accordance with the rotation 
direction of the output shaft 34, the car can be driven. 

The -operation of the above-structured continuously 
variable transmission apparatus according to the present 
embodiment is as follows. Firstly, in the low speed mode state 
in which the low- speed clutch 27a is connected and the connection 
of the high-speed clutch 28a is cut off, the rotation power 
of the input shaft 29 is transmitted through the two following 
paths ® and © to the first ring gear 41 and first sun gear 
40 which constitute the first planetary-gear- type transmission 
31. 

® Input shaft 29 -» gear 50 gear 49 -> low- speed 
clutch 27a — * first ring gear 41 

© Input shaft 29 -» toroidal-type continuously 

variable transmission 12a -* output gear 4 -» gear 39 -* first 
rotation transmission shaft 30 -* first sun gear 40. 

In this state, a differential component between the first 
sun gear 40 and first ring gear 41 is taken out through the 
first carrier 42 as the rotation power of the respective first 
planetary gears 43, 43 around the first sun gear 40 and first 
ring gear 41. And, the present rotation power is then taken 
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out from the output shaft 34 connected and fixed to the first 
carrier 42 through the gears 56, 57 by the differential gear 
58, thereby driving and rotating the wheels of the car through 
the axle shafts 59, 59. 

In the case of the above low speed mode state, the speed 
ratio ecvr of the whole of the continuously variable transmission 
apparatus can be expressed by the following numeric equation 
(1).. 

[Numeric equation 1] 



e CVT 



■ (1) 



The meanings of marks used in this numeric equation (1) 
are as follows. 

ecvu : the transmission ratio of the toroidal-type 
continuously variable transmission 12a 

ii : the ratio of the number of the teeth of the first 
ring gear 41 with respect to that of the first sun gear 40 

Roe e : the reduction ratio of the third power transmission 
mechanism 37 constituted by the gear 39 and output gear 4 

Ripg : the reduction ratio of the first power transmission 
mechanism 35 constituted by the gear 49 and gear 50. 

And, according to such low speed mode state, in case where 
the transmission ratio ecvu of the toroidal-type continuously 
variable transmission 12a is set as a value to be expressed 
by the following numeric equation (2), there can be realized 
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a state of a so called infinite transmission ratio in which 
the output shaft 34 can be stopped while leaving the input shaft 
29 rotating. 

[Numeric equation 2] 

ecvu=~^h " (2) 

Also, by changing the transmission ratio ecvu of the 
toroidal-type continuously variable transmission 12a to the 
speed increasing side from the value expressed by the numeric 
equation (2), the respective axle shafts 59, 59 are rotated 
in a direction where the car can be backed. And, as the speed 
increasing ratio increases in value, the rotation speed of the 
axles in the car backing direction increases. On the other 
hand, by changing the transmission ratio ecvu: of . the 
toroidal-type continuously variable transmission 12a to the 
speed reducing side from the value expressed by the numeric 
equation (2), the respective axle shafts 59, 59 are rotated 
in a direction where the car can be advanced. And, as the speed 
reducing ratio increases in value, the rotation speed of the 
axles in the car advancing direction increases. By the way, 
in case where the absolute value of the right side of the numeric 
equation (2) is set as the transmission ratio that can be realized 
by the toroidal-type continuously variable transmission 12a, 
for example, within the range of 0.4 ~ 2.5, an infinite 
transmission ratio state can be realized in the low speed mode 
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state. 

On the other hand, in the high speed mode state in which 
the connection of the low-speed clutch 27a is cut off and the 
high-speed clutch 28a is connected, the rotation power of the 
input shaft 29 is transmitted through the two following paths 
® and © to the second carrier 46 and second sun gear 44 which 
constitute the second planetary-gear-type transmission 32. 

(D Input shaft 29 -» gear 50 -> gear 49 -» gear 52 -»• gear 
51 •-» second rotation transmission shaft 33. — » 
high-speed clutch 28a -* second hollow rotation shaft 
53 ^ gear 54 -* gear 55 -» second carrier 46 . 
© Input shaft 29 -* toroidal-type continuously 
variable transmission 12a -» output gear 4 -*■ gear 39 
— ► first rotation transmission shaft 30 -»■ second sun 
gear 44. . 

In this state, a differential component between the second 
sun gear 44 and second carrier 4 6 is taken out through the first 
carrier 42 as the rotation power of the second ring ear 45. 
And, the present rotation power is then taken out from the output 
shaft 34 connected and fixed to the first carrier 42 through 
the gears 56, 57 by the differential gear 58, thereby driving 
and rotating the wheels of the car through the axle shafts 59, 
59. 

In the case of the above high speed mode state, the speed 
ratio ecvr of the whole of the continuously variable transmission 
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apparatus can be expressed by the following equation (3) . 
[Numeric equation 3] 



In the numeric equation (3) , the meanings of marks not 
used in the numeric equation (1) and (2) are as follows. 

U : the ratio of the number of the teeth of the second 
ring gear 45 with respect to that of the second sun gear 44 

Rcgi : the reduction ratio of the transmission part 
constituted by the two gears 51, 52 

Rcg2 : the reduction ratio of the transmission part 
constituted by the two gears 54, 55. 

As can be clearly seen from the above numeric equation 
(3) , according to the above high speed mode state, in case where 
the transmission ratio ecvu of the toroidal-type continuously 
variable transmission 12a is increased toward the speed 
increasing side, the transmission ratio. ecvr of the whole of 
the continuously variable transmission apparatus is also varied 
toward the speed increasing side. 

In the present high speed mode state, assuming that a 
torque to be transmitted from the engine to the input shaft 
29 is expressed as T e , a toque Tcvu passing through the 
toroidal-type continuously variable transmission 12a can be 
expressed by the following numeric equation (4) . The meanings 
of marks used in this equation are as described previously. 




(4) 
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Also, the value of the transmission ratio ecvu of the 
toroidal-type continuously variable transmission 12a, in this 
numeric equation (4), provides a negative value, 
[Numeric equation 4] 

d+lte^ f " ,4) 

As can be clearly seen from the above numeric equation 
(4), according to the above high speed mode state, there can 
be always obtained the relationship such that Tcvu < T e . This 
means that, in the high speed mode state, the toque Tew passing 
through the toroidal-type continuously variable transmission 
12a is reduced, so that both of the transmission efficiency 
and durability of the toroidal-type continuously variable 
transmission 12a can be thereby enhanced. 

Also, as can be seen clearly from the above-mentioned 
equation (3) and the previously-described equation (1), incase 
where the reduction ratios of the . transmission parts 
respectively formed by the gears 51, 52 and gears 54, 55 are 
expressed as Rcgi, Rcg2 , and proper values larger than 1 are 
employed for them, there exists such speed ratio ecvu of the 
toroidal-type continuously variable transmission 12a that 
allows the speed ratio ecvr of the whole of the continuously 
variable transmission apparatus in the low speed mode state 
expressed by the above-mentioned numeric equation (1) to 
coincide with the speed ratio ecvr thereof in the high speed 
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mode state expressed by the above-mentioned numeric equation 
(3) . The low speed mode and high speed mode, in this manner, 
are allowed to switch over to each other in a state where their 
speed ratios ecvT respectively expressed by the two numeric 
equations (1) and (3) coincide with each other. That is, in 
case where the transmission ratio ecvu of the toroidal-type, 
continuously variable transmission 12a provides a proper value 
which can coincide the two speed ratios respectively expressed 
by the two numeric equations (1) and (3) with each other, the. 
low- and high-speed clutches 27a and 28a are to be connected 
or disconnected. 

Now, Figs. 2 and 3 respectively show the characteristics 
of the above-mentioned continuously variable transmission 
apparatus in case where the transmission ratio ecvu: of the 
toroidal-type continuously variable transmission 12a is set 
for a value in the range of -0.435 - -2.3, i x is set for 2.3, 
i 2 is set for 2.6, Ropg is set for 0.769, R IPG is set for 0.909, 
andRcGi andRc G2 are respectively set for 2. Of these two figures, 
Fig. 2 shows the relationship between the transmission ratio 
ecvu of the toroidal-type continuously variable transmission 
12a and the speed ratio ecvr of the whole of the continuously 
variable transmission apparatus incorporating the 
toroidal-type continuously variable transmission 12a therein. 
And, Fig. 3 shows the relationship between the size and direction 
of the torque passing through the toroidal-type continuously 
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variable transmission 12a and the speed ratio ecvT of the whole 
of the continuously variable transmission apparatus 
incorporating the toroidal- type continuously variable 
transmission. 12a therein. 
5 Of these two figures, Fig. 2 shows that, in the case of 

the continuously variable transmission apparatus according to 
the present embodiment, in case where the transmission ratio 
ecvu of the toroidal-type continuously variable transmission 
12a is set for a value of the order of 1.95, the output shaft 
10 34 can be stopped while leaving the input shaft 2.9 rotating. 
Also, Fig. 2 further shows that, in case where the transmission 
ratio ecvu of the toroidal-type continuously variable 
transmission 12a is set for a value of the order of 0.4 as well 
as the low- and high-speed clutches 27a and 28a are connected 
15 and disconnected, between the low and high speed modes, there 
can be realized a smooth gear-change state without causing the 
speed ratio ecvt to be discontinuous. Further, Fig. 3 shows 
that, substantially over the entire area in the advancing state, 
the toque passing through the toroidal-type continuously 
20 variable transmission 12a can be reduced down to a low level, 
thereby being to enhance both of the transmission efficiency 
and durability of the toroidal-type continuously variable 
transmission 12a. 

The present invention is explained in reference to a 
25 half- toroidal-type continuously variable transmission. 
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However, the present invention may have applicability to 
full-toroidal-type continuously variable transmission. 

Since the present invention has the above-mentioned 
structure and operation, there can be realized a continuously 
5 variable transmission apparatus which is small in the axial 
direction thereof, is large in the transmission ratio width 
thereof, and can eliminate the need for provision of a start 
device. Therefore, the present invention can contribute toward 
enhancing the practical use thereof as a transmission for a 
10 small-sized car such as an FF car. 
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